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Longitudinal Study on Trace Mineral Compositions (Selenium, 
Zinc, Copper, Manganese) in Korean Human Preterm Milk 
We measured selenium, zinc, copper and manganese concentrations in the human milk of 
Korean mothers who gave birth to preterm infants, and compared these measurements 
with the recommended daily intakes. The samples of human milk were collected 
postpartum at week-1, -2, -4, -6, -8, and -12, from 67 mothers who gave birth to 
preterm infants (< 34 weeks, or birth weight  < 1.8 kg). All samples were analyzed using 
atomic absorption spectrophotometry. The concentrations of selenium were 11.8 ± 0.5, 
11.4 ± 0.8, 12.7 ± 0.9, 11.4 ± 0.8, 10.8 ± 0.9, and 10.5 ± 1.3 μg/L, zinc were 7.8 ± 0.5, 
9.1 ± 0.8, 7.2 ± 0.9, 8.0 ± 0.8, 7.4 ± 0.9, and 6.6 ± 1.2 mg/L, copper were 506 ± 23.6, 
489 ± 29.4, 384 ± 33.6, 356 ± 32.9, 303 ± 35.0, and 301 ± 48.0 μg/L and manganese 
were 133 ± 4.0, 127 ± 6.0, 125 ± 6.0, 123 ± 6.0, 127 ± 6.0, and 108 ± 9.0 μg/L at 
week-1, -2, -4, -6, -8, and -12, respectively. The concentrations of selenium and zinc 
meet the daily requirements but that of copper is low and of manganese exceeds daily 
requirements recommended by the American Academy of Pediatrics, Committee on 
Nutrition. 
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INTRODUCTION
Human milk is the most appropriate nutrition for newborn in-
fants, and breast feeding provides many well-known benefits to 
infants and mothers (1-5). If the milk has insufficient nutrients, 
however, growth-rate reduction, caloric reduction, delay of bone 
organization, osteoporosis, and fractures can occur (6-10). Pre-
vious research has reported differences in human milk compo-
sition among different races (11), thus, different countries have 
developed different fortifiers for human milk. 
  The diet of Korean people has become more westernized in 
recent years, so the nutrients needed to fortify human milk may 
need to be adjusted. In the present study, we examined the lev-
els of trace minerals in the human milk of Korean mothers who 
delivered premature infants and compared to the recommend-
ed daily requirements, as these infants are particularly vulnera-
ble in the extrauterine environment, and thus would benefit the 
most from human milk produced by their own mothers. 
MATERIALS AND METHODS 
Subjects 
Human milk was obtained from 67 mothers who delivered pre-
term infants with gestational ages less than 34 weeks, or with 
birth weights less than 1.8 kg. All mothers who were vegetari-
ans, or who took multivitamins or medications to enhance hu-
man milk production, were excluded. All mothers in the study 
consumed from 2,000-2,500 calories per day during the study 
period.   
Collection of human milk samples 
Samples of human milk were collected using manual expres-
sion, or by using an electric pump, at the end of postpartum 
week 1, 2, 4, 6, 8, and 12. Each mother was instructed to express  
milk in the early morning prior to afternoon visit to NICU, either 
in the maternity ward or at home. The human milk was placed in 
a plain test tube shielded by aluminum foil, and stored at -70°C, 
prior to analysis. 
Analysis of selenium, zinc, copper, and manganese
All minerals were measured from 20 μL samples of the human 
milk using an atomic absorption spectrophotometer (AAS) and 
a Zeeman effect graphite furnace (Model 4110ZL, Perkin Elmer, 
Boston, MA, USA). The AAS consisted of spectrometers, a Zee-
man background corrector, a Transversely Heated Graphite   
Atomizer (THGA) graphite tube, and hollow-cathode lamps. Kim S-Y, et al.  •  Trace Mineral Compositions in Korean Human Preterm Milk
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  Samples were diluted 10-fold, diluted 100-fold, and diluted 
1,000-fold for the measurement of the selenium (Se) and cop-
per (Cu), the manganese (Mn), and zinc (Zn), respectively. All 
tools needed for preprocessing were immersed in 10% HNO3 
for 24 hr, soaked in triple- distilled water for 24 hr, washed in tri-
ple-distilled water three times, and fully dried at room tempera-
ture. Table 1 describes the AAS analysis conditions (12).  
Statistical analysis
All results were analyzed using SAS 9.1. Measurements are re-
ported as “means ± standard deviations” or “means ± standard 
errors”. Random effects models were used to identify differences 
among lactation stages (at 1, 2, 4, 6, 8, and 12 weeks). A P value 
less than 0.05 was considered significant. 
Ethics statement
The institutional review board of the Asan Medical Center re-
viewed and approved the study protocol (IRB 204-0111). All of 
participating mothers provided informed consent. 
RESULTS  
General characteristics of subjects 
Table 2 shows the clinical characteristics of the 67 women and 
their infants. 
  The ratio of percent ideal body weight (PIBW) of the pre-preg-
nancy weight to the standard weight of target subjects was 97% 
(range 90%-110%), and the mean body mass index (BMI) was 
21.6 kg/m
2.  
Changes in the trace mineral content of the milk during 
the lactation period
A total of 44 samples were collected at postpartum week-1, while 
32 samples were collected at week-2, 22 samples were collected 
at week-4, 26 samples were collected at week-6, 22 samples were 
collected at week-8, and 9 samples were collected at week-12. 
  The American Academy of Pediatrics, Committee on Nutri-
tion has guidelines for the recommended intake of trace ele-
ments for preterm infants (CON/AAP, 2009) (13). These recom-
mendations are based on the assumption that an infant con-
sumes 100 kcal of human milk. Preterm human milk have a 
coloric density of 67 kcal/100 mL. Thus, for each trace element, 
we plotted the changes in the absolute concentration in the pre-
term human milk, as well as the changes as a function of caloric 
intake. 
Selenium 
The mean concentration of selenium was 11.8 ± 0.5 μg/L at week-
1,11.4 ± 0.8 μg/L at week-2, 12.7 ± 0.9 μg/L at week-4, 11.4 ± 0.8 
μg/L at week-6, 10.8 ± 0.9 μg/L at week-8, and 10.5 ± 1.3 μg/L  
at week-12. These differences were not statistically significant 
(P > 0.05). The mean concentrations of selenium during the 
first 12 weeks of lactation satisfied the CON/AAP recommenda-
Table 1. Conditions used for atomic absorption spectrophotometry (12)
Condition Se Zn Cu Mn
Wave length (nm) 196 213.9 324.8 279.5
Low slit (nm)        2.0     0.7     0.7     0.2
Flame gas A-Ac A-Ac A-Ac A-Ac
Se, selenium; Zn, zinc; Cu, copper; Mn, manganese; A-Ac, Air-Acetylene.
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Fig. 1. Amount of selenium in human preterm milk at different stages of lactation. 
*Recommendation by American Academy of Pediatrics, Committee on Nutrition (CON/
AAP, 2009): 0.9-4.1 µg/100 kcal.
P = 0.438
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Fig. 2. Amount of zinc in human preterm milk at different stages of lactation. *Recom-
mendation by American Academy of Pediatrics, Committee on Nutrition (CON/AAP, 
2009): 340-2,700 µg/100 kcal.
P = 0.175
Table 2. General characteristics of subjects
Parameters Mean ± S.D.   Range
Mother (n = 67)
   Age (yr)
   Height (cm)
   Pre-pregnancy weight (kg)
   Post-pregnancy weight (kg)
   PIBW*
   BMI
†
 
32.3 ± 3.42
158.4 ± 5.41
52.6 ± 8.76
62.8 ± 9.48
100.1 ± 17.40
21.6 ± 3.79
 
24-40
143-168
38-90
45.5-94
73.8-161.3
16.2-34.4
Premature Newborn (n = 67)
   Gestational age (weeks)
   Birth weight (g)
   Apgar score (1 min)
   Apgar score (5 min)
  
31.5 ± 2.90
1,454.3 ± 482.2
6 ± 2
8 ± 1
  
25.1-37.4
663-2,699
1-9
5-10
*PIBW = (weight [kg]/IBW [kg]) × 100. Where [IBW(ideal body weight, kg)]: ≥ 161 
cm: (Height [cm] -100) × 0.9. 150-160 cm: (Height [cm] -150)/2 + 50.  < 150 cm: 
(Height [cm] -100) × 1.0. 
†BMI = (weight [kg]/length [m
2]). PIBW, Percent of ideal 
body weight; BMI, Body mass index. Kim S-Y, et al.  •  Trace Mineral Compositions in Korean Human Preterm Milk
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tion of 0.9-4.1 μg/100 kcal (Fig. 1).
Zinc
The mean concentration of zinc was 7.8 ± 0.5 mg/L at week-1, 
9.1 ± 0.8 mg/L at week-2, 7.2 ± 0.9 mg/L at week-4, 8.0 ± 0.8 mg/L 
at week-6, 7.4 ± 0.9 mg/L at week-8, and 6.6 ± 1.2 mg/L at week-
12. The concentration of zinc declined, especially after the sec-
ond week of lactation, but this change was not statistically signif-
icant (Fig. 2, P > 0.05). Again, the mean concentrations of zinc 
during the first 12 weeks of lactation satisfied the CON/AAP 
recommendation of  340-2,700 μg/100 kcal (Fig. 2).
Copper 
The mean concentration of copper was 506 ± 23.6 μg/L at week-
1, 489 ± 29.4 μg/L at week-2, 384 ± 33.6 μg/L at week-4, 356 ±  
32.9 μg/L at week-6, 303 ± 35.0 μg/L at week-8, and 301 ± 48.0 
μg/L at week-12. The random effects Model test indicated a sig-
nificant decline in the mean concentration of copper during 
the lactation period (Fig. 3, P < 0.05). The mean concentrations 
of copper were, at all times, below the CON/AAP recommenda-
tion of 80-1,366 μg/100 kcal (Fig. 3).
Manganese
The mean concentration of manganese was 133 ± 4.0 μg/L at 
week-1, 127 ± 6.0 μg/L at week-2, 125 ± 6.0 μg/L at week-4, 123 ±  
6.0 μg/L at week-6, 127 ± 6.0 μg/L at week-8, and 108 ± 9.0 μg/L 
at week-12. The mean concentration decreased slightly from 
week-8 to week-12, but it was not statistically significant (Fig. 4, 
P > 0.05).
  The mean concentrations of manganese were, at all times, 
higher than the CON/AAP recommendations of 0.5-6.8 μg/100 
kcal (Fig. 4).  
DISCUSSION
Trace elements are an essential part of the human diet. Deficien-
cies in certain trace elements in preterm infants may increase 
the risk of abnormal development (14, 15). 
  Selenium is considered essential trace elements for infants (16) 
and is best known for its role as an antioxidant (16, 17). Selenium 
accumulates during the third trimester of pregnancy, thus, pre-
mature infants have lower tissue and plasma concentrations of 
selenium than do full-term infants (16). Preterm infants have 
increased risks of bronchopulmonary dysplasia, retinopathy       
of prematurity, sepsis, and necrotizing colitis, conditions in 
which oxygen free radicals appear to play a role (18). These in-
fants would benefit most by consuming human milk contain-
ing antioxidants (18). In our study, the amount of selenium in 
the human milk satisfied the CON/AAP recommendations, but 
not the recommendations of the European Society of Pediatric 
Gastroenterology, Hepatology and Nutrition (ESPGHAN), the 
latter recommends (4.5-9 μg/100 kcal) (19). These recommen-
dations differ because of geographic differences in the amount 
of selenium stored in the infant body, the dietary habits of dif-
ferent populations, and geological differences in the soils of dif-
ferent regions (20). 
  Zinc is a co-factor for numerous enzymes, and it is required for 
normal fetal growth and development. Like selenium, it accu-
mulates during the third trimester of pregnancy (21). Our results 
are in accordance with those of Atkinson et al. (22) and Yamawaki 
et al. (23), in that, in our study, the amount of zinc in the human 
milk decreased in relation to the lactation time. However, as with 
the results reported by Yamawaki et al., this change was not sta-
tistically significant. Moreover, in our study, the concentration 
of zinc, at all lactation stages, satisfied the recommendations of 
CON/AAP and ESPGHAN.
  Copper is also a co-factor for many enzymes. Copper is main-
ly stored in the liver, and it accumulates dramatically during the 
third trimester. Thus, preterm infants, tend to have lower copper 
stores than full-term infants (24). In our study, the concentra-
tion of copper was maximal at week-1 and then gradually de-
clined over time, just as also reported by Mendelson et al. (25). 
The reason for these changes is unknown. These observations 
may suggest that newborn infants require larger amounts of 
µ
g
/
1
0
0
 
k
c
a
l
Lactation stage
76.8 73.8
56.3 54.2 54.9 44.4
Copper
*
*
  1 Week  2 weeks  4 weeks  6 weeks  8 weeks  12 weeks
140
120
100
80
60
40
20
0
Fig. 3. Amount of copper in human preterm milk at different stages of lactation. 
*Recommendation by American Academy of Pediatrics, Committee on Nutrition (CON/ 
AAP, 2009): 80-136 µg/100 kcal.
P < 0.001
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Fig. 4. Amount of manganese in preterm human milk at different stages of lactation.     
*Recommendation by American Academy of Pediatrics, Committee on Nutrition (CON/
AAP, 2009): 0.5-6.8 µg/100 kcal.
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these minerals due to the lower volume of milk intake in their 
early life (26). In our study, the mean concentration of copper in 
human milk was, at all times, lower than the intake recommended 
by CON/AAP and ESPGHAN (Fig. 3). However, the symptoms 
and signs of preterm infants with copper deficiency including 
hypochromic anemia, neutropenia, osteoporosis, and delayed 
bone age (27) were not investigated in this study. The reason for 
the observation of low copper in the preterm human milk pro-
duced by Korean mothers is uncertain, but it could be due to 
geographical effects and/or nutritional preferences. In particu-
lar, consumption of copper rich foods (beef, mollusks, crusta-
ceans, mushrooms, chocolate, and nuts) may have been insuf-
ficient in the study populations of mothers with preterm infants 
(28). The simple addition of one pack of commercially available 
Korean human milk fortifier to 60-120 mL of human milk would 
have increased the total copper intake to 34-69 μg/100 kcal. 
  The clinical significance of manganese deficiency in preterm 
and low birth weight (LBW) infants is unknown, thus, the cor-
rect amount of manganese to be added to infant formula has 
not been established. However, excessive manganese can lead 
to central nervous system toxicity, and Friel et al. have proposed 
that 40 μg/day of manganese is sufficient for preterm or LBW 
infants who require total parenteral nutrition (29). In our study, 
the concentrations of manganese were higher than those rec-
ommended by CON/AAP (Fig. 4) and, lower than those recom-
mended by Friel et al., but within the range recommended by 
ESPGHAN (6.3-25 μg/100 kcal). 
  According to the study in which concentration of trace miner-
als were compared in between the colostrums of Korean moth-
ers who delivered preterm infants and term infants, the concen-
tration of zinc, copper and manganese were reportedly below 
in colostrums of preterm infant than term infant. When the re-
ported concentrations were compared with our data obtained 
for preterm colostrums, the concentrations of copper and man-
ganese were less but zinc concentration was similar (30). We 
suspect that these results may differ because of changing in diet 
habits and nutritional status of Korean mothers over time. 
  The limitation of this study is that there were progressively 
fewer samples as the lactation period progressed. This was un-
avoidable, and was mainly due to the inadequate production  
of human milk by some mothers. Also, we did not measure the 
serum levels of the trace minerals in the infants, therefore, we 
cannot definitively conclude that the infants had adequate or 
inadequate levels of dietary trace minerals. Furthermore, the 
levels of trace mineral were not compared with human milk pro-
duced from mothers of full term infants. We suggest that future 
large scale studies be conducted to investigate the levels of mi-
cronutrients in preterm human milk and full term human milk, 
so as to provide accurate supplementation and to improve out-
comes.  
  In conclusion, in the human milk of Korean mothers who 
deliver preterm infants, the zinc and selenium levels satisfy the 
recommended concentrations, but that the level of copper is 
below the recommended concentration. The manganese in the 
preterm human milk exceeds the recommendation of CON/AAP, 
but is within the recommendation of ESPGHAN. 
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